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India is endowed with huge coal resource of over 301 billion tonnes and is the third largest 
producer. Currently about 69 % of power generation in India is coal based. Most of India’s coal 
production  
(+ 90 %) comes from public sector undertakings such as Coal India Limited (CIL) and Singareni 
Collieries Company Limited (SCCL). In order to achieve sustainable development, our per capita 
energy consumption must increase 5 to 8 times over medium to long term. India does not have 
option to choose energy form for its development and need to harness all forms of energy such as 
hydro, renewable, coal etc.  

Owing to its origin, Indian coal, by and large, is considered of poor quality in terms of impurities 
such as high ash content leading to poor heat value per kg. Calorific values of Indian coal range 
from 3000 kcal to over 5000 kcal per kg and ash % ranges from 25 – 55 %. Because of nature of 
non-homogenous mix, Indian coal is also difficult to wash beyond a certain limit which is 
causing huge amount of generation of ash after burning. The ash in Indian coals is mostly high in 
silica and hence, abrasive. This requires careful adoption of appropriate technology while doing 
mining as ash percentage further increases due to inefficient mining practices. 

Clean Coal Technology (CCT) is defined as technologies designed to enhance both the 
efficiency and the environmental acceptability of coal extraction, preparation and use. 
International Energy Agency (IEA) has identified the following groups of CCTs during various 
stages of coal life cycle;  

• Coal upgrading (Mining)  

• Efficiency improvements of existing power plants 

• Application of Advanced Technologies  

• Near-zero emission with potential to dramatically reduce GHG emission. 

The first step towards utilization of coal is “Mining”. The country needs to upgrade its mining 
practices to produce coal efficiently and in a sustainable manner. India must not only produce the 
required quantity of coal efficiently, but also ensure the that the impact of mining is minimal on 
the environment and at the same time, quality of coal produced is suitable for achieving desired 
efficiency and effectiveness of downstream processes such as Coal Beneficiation, Coal 
Combustion, Coal Gasification etc. to address our targets of achieving Clean Coal Technologies. 
Therefore, the efficiency of mining needs to be measured not only with reference to the mine 
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productivity and utilization but also from the perspectives of environment management, energy 
efficiency and supply of clean and consistent quality coal to the downstream activities.  

Depending on the Geology and Scale of operation, mining of coal in India is primarily carried 
out either by Open Cut or Underground methods. Despite severe environmental challenges 
associated with Open Cut Coal Mining, geo-mining conditions of Indian coal favours Open Cut 
Mining for production of Coal at economic cost. Approximately 93 % of India’s coal is currently 
produced by Open Cast Mines. However, from the sustainability point of view, thrust must be 
given for underground mining as its environmental impact is much less compared to opencast 
mining. This is also important to accept the fact that the reserves amenable for opencast mining 
is limited and we have significant reserves of good quality coal in the deeper horizons, which can 
only be mined by underground method. Until and unless suitable technology is developed or 
introduced for extracting these deep seated good quality coal in bulk by underground mass 
production technology in coal mines, the sustainability of coal as a source of energy will be 
doubtful.  

  

Fig. 1 : CCTs during various stages of coal life cycle 

Coal mining has severe impacts on the environment that goes beyond the emission of CO2, 
Sulphur dioxide (SO2), oxides of nitrogen, CO and other gases on burning. This includes the 
following: 

• Mining process generates methane trapped in the coal bed which is having 22 times 
stronger greenhouse effect than CO2 and the probable solution can be methane drainage 
prior to mining which includes CBM, CMM, VAM, underground drainage etc. 
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• Mine fires in many coalfields of India is another serious issue which needs to be tackled on 
top priority as it is not only causing the environmental pollution but also makes mining of 
clean coal unsafe and difficult. 

• Dilution of coal quality during mining process –  

o Application of modern mine planning technologies and integration of mine planning 
with operation. 

o Reduction in dilution of coal quality using selective mining methods such as 
application of Surface Miner technology for production of coal. 

o Improved drilling and blasting practices to prevent dilution of coal quality due to 
blasting. 

• Energy efficiency in mining operations: At every step of mining operation, from 
exploration to despatch, energy is used in different forms like electricity, diesel or 
petroleum products, hydraulic or pneumatic. If the mining operations can reduce the energy 
consumption per tonne of coal production, it will have a significant impact in the reduction 
of GHG emission. 

o Energy audit in mining operations 

o Improving efficiency in use of energy for production of every tonne of coal. 

• CO2 Sequestration and Carbon capture and storage (CCS) 

• Underground Coal Gasification 

• Application of modern technologies for effective environment management 

• Integrated Mine Planning and Operation to achieve optimum product quality 

Therefore, there is an urgent need to reduce the environmental footprint of coal by increasing 
Efficiency, Innovation and Control across the entire mining value chain from exploration 
through to mining, beneficiation and conversion into energy form (combustion, liquefaction, 
gasification, fuel cells etc.). Needless to say that it requires participation of all stakeholders. If 
we can deal with these issues, coal will certainly go a long way as primary source of energy in 
the economic development of the country.  

Keeping into considerations the above impact of mining operations towards accomplishing the 
goal of clean coal technologies, scientific study into the following thrust areas may be 
undertaken: 

1. METHANE DRAINAGE PRIOR TO MINING AND VENTILATION AIR 
METHANE 

In order to extract the deep seated coal deposits, the coal mining industry in India is aiming for 
increasing the share of underground coal Production to 30% by 2030. Coal mining activities 
causes the emission of methane gas. Methane is emitted either from the coal seam itself or from 
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other gassy formations underground. The amount of methane generated during the coal mining 
operations depends on the production of the mine, gassiness of the coal seam and any underlying 
and overlying formations, operational variables, and geological conditions. The methane gas 
produced during and after coal mining operations is termed as coal mine methane (CMM). 
However, methane captured prior to mining is more appropriately termed as coalbed methane 
(CBM). Emission of methane from coal mines has increased significantly over the past few 
decades because of higher production, greater comminution of the coal and the trend towards 
recovery from deep seated coal seams. It is envisaged that in near future, with increasing coal 
production at greater depths, the quantum of methane emission from coal mines will be more 
than the present emission.  

Methane emitted from the coal mines across the world represents approximately 8% of the 
world's anthropogenic methane emissions contributing 17% to the total anthropogenic 
greenhouse gas emissions. It is estimated that by 2020, CMM emissions will increase to a level 
as high as 793 Mt CO2e (×1000 tons CO2 equivalent). Out of all the emission sources, it has been 
identified that underground coal mining is the most important source of fugitive methane 
emissions, and nearly 70% of this methane is emitted through mine ventilation air at low 
concentrations.  

Methane is a greenhouse gas (GHG). The millions of cubic meters of methane vented to the 
atmosphere causes a long term threat to the environment. In addition, the release of methane into 
mine atmosphere raises concern about the mine safety due to the explosion hazards associated 
with methane gas. The coal seams before mining may contain 60-95% methane and the gas 
drained from fractured formations above mined seams and accumulated in gobs may contain 30-
95% methane. Keeping the aforementioned challenges in view, efforts should be made to 
develop, design and implement appropriate methods of mining for more productivity and safety. 

Methane is a highly explosive and greenhouse gas. Emission of methane adversely affects both 
the safety and productivity of underground coal mines as well as surface environment. Limiting 
its emission to the environment and its gainful utilization are beneficial both in terms of 
environment protection and making coal mining safe. Methane is also a rich source of energy 
and coal bed methane is a major source of clean energy. Therefore, methane drainage from the 
coal seams prior to mining will not only bring down the methane emission in highly gassy mines 
and minimize explosion hazards therein but also provides an additional source of energy to be 
utilized in industrial and household purposes. Therefore, the broad objectives of methane 
drainage may be outlined as follows: 

The capturing and utilizing CMM/CBM employing methane drainage technique is the best 
solution to the problems, which will not only decrease greenhouse gas emission and ensure mine 
safety but also will provide an additional source of energy which otherwise will be lost. Many 
mines across the globe are now using degasification system to extract as much coalbed methane 
as possible from their coal seams before or during mining to improve mine safety and decrease 
downtime as a result of methane in the mine openings. Degasification methods utilizing methane 
drainage technique include vertical wells, gob wells, horizontal boreholes and cross-measure 
boreholes. However, the success of methane drainage technique greatly depends on the geo-
technical conditions of the coal seams such as gas content and permeability of the coal seams. 
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In methane drainage, horizontal boreholes drilled from underground entries or vertical boreholes 
from surface are drilled into the coal seams. In addition, boreholes are drilled from the surface to 
the goaf for venting the gob gas. The most important parameters dictating the economic viability 
of methane drainage are the volume of gas-in-place, porosity and permeability of the coal seams. 
The methane content of coal seams depends on depth and degree of coalification or rank of coal. 
High rank coals have higher methane sorption capacity than the low rank coals. Coal with 
sufficient permeability is the prerequisite controlling parameter for economic gas flow rate and 
methane production. The permeability of coal is influenced by cleat spacing, which in turn 
depends on the coal rank and reservoir pressure. Generally, cleat frequency increases with rank 
of coal. Therefore, it is necessary to collect core samples of coal and do analysis for feasibility of 
methane drainage technique. 

Hence a study of these parameters for Indian coal mines is a pre-requisite for the success of 
methane drainage in India. However, it is equally important to evolve a suitable technology for 
Indian geo-mining condition. The study should aim at determining the parameters influencing 
the capturing of methane from the coal bed and associated strata and also from the goaf from 
where coal has been extracted and application of suitable methane drainage technique for 
successful capturing of methane.  

The other issue of fugitive gas emission from mine is through Ventilation air methane. As 
mentioned earlier, nearly 70% of this methane is emitted through mine ventilation air at low 
concentrations. This emission is for 24x7 for all 365 days in a year. Though the concentration of 
methane in ventilation air is very low, the quantity of methane emitting into the environment is 
enormous from each underground mine. Methane of such low concentration is continuously 
emitted to the environment, increasing the GHG effect. If this low concentration high volume 
methane emitted from mine can be extracted from the ventilation air and the concentration is 
enriched through processes like chemical looping, large quantity of high concentration methane 
can be effectively utilised for power generation. Such study is essential to evolve suitable 
technology for capturing the methane in ventilation air and not allowing them to go into the 
atmosphere increasing the GHG effect. 

2. CONTROLLING MINE FIRE  

Mine fires in many coalfields of India is a serious issue of concern as the magnitude of the 
problem is enormous. The impact of the fire in Jharia and Raniganj coalfields is huge, which is 
continuing for a long period of time. In some cases, the history of such fires are century old. 
Million tonnes of coal are being burnt into ashes because of the long standing unabated fire, both 
in underground and surface. This phenomena of mine fire is associated with great impact on the 
environment, safety of the mine workers and local residents and loss of huge national property. 
Many serious accidents have taken place in the past due to mine fire. Situation is no different 
today. The risk of mining in and around an area affected by mine fire is not acceptable. The 
greatest difficulty is assessment of the extent of the fire as in most of the cases the fire is 
progressing below the surface cover, from one seam to another, from one mine to another. 
Because of the fire in the upper seams, exploitation of lower seams are dangerous or not possible 
on many occasions.  

 
The available information about the environmental impact due to mine fire by release of such 
high volume of CO or CO2 from the fire area over such a long period of time is also not enough 
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as no proper assessment has been done so far on the release of such products of combustion into 
the atmosphere. Though, efforts have been made in the past for controlling the mine fire, the 
situation has not been improved and coals are still burning, releasing tonnes of noxious gases to 
the atmosphere. Comprehensive study shall be undertaken to assess the environmental impact 
due to such mine fires and also for finding effective methods for controlling such fires, both in 
underground as well as in surface to save million tonnes of coal from burning and causing 
environmental problem. Thus the ultimate objective of clean coal technology may be achieved 
by reduction of environmental pollution due to mine fire.  

3. REDUCTION IN DILUTION OF COAL QUALITY USING SELECTIVE MINING 
METHODS SUCH AS APPLICATION OF SURFACE MINER FOR PRODUCTION 
OF COAL 

Ever since the nationalization, opencast coal mining has become more popular in India than 
underground mining. This trend was spurred mainly by the rising demand for coal to meet the 
needs of thermal power generation, produced by coal firing. The entire focus of the nation is on 
availability of energy alternatives. Thermal energy being very predominant in India, the 
responsibility of coal sector increased manifold. The thrust at present is on increasing production 
from opencast mine.  

The advent of Surface Miner equipment in mineral sector can be traced since early 90’s. For 
producing coal and limestone in different mining projects application of surface miner is rapidly 
increasing due to the ease in application and also for producing sized product at a faster rate. Out 
of a current global population of nearly 300 surface miners in productive use around the world, 
some 105 operating machines are in India. In Coal India Limited, the total surface miners 
deployed at present are 71. In the year 2014-15 the total coal production by surface miner was 
198 Million tons which is about 40% of total production. The total growth planned by Coal India 
Limited is around 84% till year 2020 i.e. almost 16% per annum. Thus a heavy dependence is 
being placed on surface miner production which will rise approximately to 70%. The production 
from surface miner in Coal India has increased significantly over the past years and so the 
percentage share of production. In 2014-15 the share was 40.14% as compared to 16.27% in 
2007-08. Hence the surface miner technology assumes a strategic importance for the growth of 
Coal India Limited as well as for the energy mission of our country.  

Table 1 : Surface Miner Production Share in CIL 

Year CIL Production (Mt) SM Production (Mt) SM share (%) 

2010-11 431.320 106.111 24.60 

2011-12 435.838 119.716 27.47 

2012-13 452.211 155.801 34.45 

2013-14 462.422 170.819 36.94 

2014-15 494.240 198.388 40.14 
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Surface miners are deployed for eco-friendly mining and improved recovery of coal and 
minerals, especially in areas sensitive to blasting. Several surface miners are operating in the 
country in different subsidiaries of Coal India Limited although use of surface miner is different 
kind of rocks with variable hardness is still in is nascent stage. The other problem which attribute 
to the poor quality is the dilution of coal particularly deposits with interbedded coal seams. The 
same coal when used in the thermal plants produces huge waste apart from the ash which is also 
a major concern for Indian Coal. Surface miners can be useful in wining thin inter-bedded coal 
seams with less dilution of coal and increased ROM quality.  

 

Fig. 2 : Effect change in coal grade on price variation 

A comparison of Surface Miner with Conventional Mining as shown in Table 2 Method clearly 
brings out the advantages that can be reaped towards the clean and undiluted coal. 

Table 2 : Advantages of surface miner application for clean coal production 

Surface Miner Conventional Mining 

Cost of production is less. Cos of production comparatively higher. 

Single unit operation. Multiple operation i.e. drilling, blasting & 
crushing. 

Access to environmentally sensitive areas Restricted in sensitive areas 

Less chances of fire Produces cracks which may lead to fire 

Better stability of bench and highwall Relatively poor due to induced stress by 
blasting 

Environment friendly method Adversely affect environment 

Highly selective mining is possible More dilution of coal 

Thin seam mining possible Thin seam not possible 
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Key Points in Surface Miner Technology 

• Proven Technology: High peroformance @ 3,000 t/h with point-attack cutting tools for 
hard interburden material. 

• Efficiency & Productivity: Significant reduction in operating costs. 

• Desired Size: Compared to the mining method used to date, the SM produces a smaller 
percentage of fines (grain size < 2 mm) and a higher percentage of the end product fraction 
(grain size < 38 mm). Hence, improves the efficiency of the processing plant. 

• Operating in the confined space of the mine & Rapid Manoeuvring 

• Environmental Gain: Reduced noise and reduced dust and increased efficiency in 
selectively mining 

Key Challenge 

Selection of proper surface miner is crucial for project economics. The cutting performance can 
go down drastically as the rockmass changes. It is imperative, therefore, to understand the 
rock/rockmass to be excavated prior to selection of the machine and based on that a suitable 
excavating machine should be adopted. 

Thrust Areas of Research 

• Performance of surface miner relies on the physico-mechanical properties of intact rock 
and rock mass apart from design and operating parameters of the machine itself. To reap 
the full benefits and overall economic advantages, a detailed knowledge of the geological 
conditions, a correct interpretation of how these conditions influence the machine’s design 
and performance is necessary.  

• Performance prediction models, based on a few parameters related to machine 
specifications, intact and rock mass parameters individually in isolation, are found to have 
limited applicability. Thus, there is a need for further research in this area so that mine 
planners may be able to select suitable surface miner to achieve a required production 
target.  

• Research is also imperative for suitable drum design, lacing pattern and pick spacing in 
relation to intact rock and rock mass parameters for enhancing production with minimum 
diesel and pick consumption apart from achieving desired chip size. The research 
methodology must focus on achieving the key performance parameters namely production, 
reduced diesel and pick consumption. An outline of the research methodology is provided 
in Fig.4. 
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Fig. 3 : Planning of surface miner technology  

 

 

 

Fig. 4 : Outline of the research methodology 

4. IMPROVED DRILLING AND BLASTING PRACTICES TO PREVENT 
DILUTION OF COAL QUALITY DUE TO BLASTING 

In most open pit coal mines the overburden or inter burden rock is drilled and blasted to expose 
and then to excavate the coal seams. In case of multi-seam deposits, generally each seam is 
exposed and excavated separately by removing the corresponding overburden or inter-burden. 
An illustration of this procedure is shown below in Fig.1. In case of steeply dipping multi seam 
deposits upper seam is exposed by drilling, blasting and excavating the overburden. Once the 
upper most seam is exploited, the uneven inter-burden surface needs to be levelled first and then 
needs to be drilled, blasted and excavated to expose the second seam lying below. This 
preparation and removal of inter-burden to expose the second seam is generally un-productive, 
inefficient and unsafe. Same pattern needs to be repeated to exploit the third seam lying further 
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below. The problems become more severe with harder inter-burdens and steeper seams. Figure 5 
is an example of shallow dipping multi-seam deposit. Complexities are less in shallow dipping 
seams compared to the steeply dipping seams but nevertheless the number of cycles to expose 
each seam remains the same. 

By drilling and blasting the overburden and inter-burdens in one cycle can provide significant 
productivity and safety benefits. However, blasting multiples layers of overburden requires very 
high level of design knowledge and implementation standards. Without this, poor 
implementation of multi-seam and thru-seam blasting techniques can results in significant coal 
loss and dilution. 

 

 

 

 

 

 

 

Fig. 5 : Drilling in multiple layers 

Multiple overburden and coal strata can be drilled, loaded with explosives and initiators and 
blasted in a single cycle. Each layer can be blasted with a unique design and achieves its targeted 
blast result, which is different from that of the other layers. Designs in each layer generally differ 
in explosive type and powder factor, inter-hole and inter-row delays, direction of initiation and 
initiation time and position, making this method distinct from conventional throw/ cast seam 
blasting. No throw is achieved in the overburden while coal losses and pulverisation are reduced, 
leading to increased coal seam recoveries.  

In most cases the overburden and coal cannot be excavated without prior blasting operations. 
Conventional drill and blast practices are used in both the overburden and coal, with each of 
these being mined in a separate cycle. Each layer is cleared and prepared, surveyed, drilled, 
loaded with explosives, initiators and stemming and blasted. 

Particularly in coal operations, overburden blasts may be undertaken as throw/cast blasts or 
stand-up blasts to achieve productivity gains. After complete excavation of the remaining over 
burden, the recoverable underlying coal seam is drilled and blasted as a separate event, usually 
with quite different blast design parameters more suited to the recoverable coal. In particular, the 
blasts in these layers are usually designed to minimise unwanted crushing, damage and 
displacement of the recoverable coal. Similarly, the subsequent layers of inter burden below the 
upper recoverable mineral seam(s), and further recoverable coal seam(s) are usually also drilled 
and blasted in separate respective blast cycles. The cast blasting generally employs high 
explosive powder factors and blast timing that favours forward displacement of the muckpile. 
The overburden is drilled with large diameter holes, typically 229 - 311 mm, on a 

Blast holes

Overburden 

Overburden 

Overburden  Coal seams 
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correspondingly large pattern. High-energy bulk explosives are used to maximise muckpile 
throw and fragmentation in the critical areas for excavation; usually the toe and key cut regions. 
This creates coal damage. Restricting coal loss in throw blasting has been an area of active 
research for many years. Techniques such as providing a buffer of imported waste material in 
front of the coal seam, as well as several modified drilling and explosive loading methods have 
been trialled over the years with mixed success. While throw blasting has undoubtedly increased 
coal mine productivity by moving much of the overburden into final spoil, there are still a 
number of drawbacks with the conventional practice. The major problem is coal dilution and 
loss. Furthermore, each separate blast cycle includes the steps of blast surface and face 
preparation, surveying and marking hole collar locations, drill rig location at each blasthole 
collar, drilling, hole depth measurement, explosive charge and initiator determination and 
loading, stemming, pit clearance and firing followed by post-blast clearance and clean-up 
operations.  

Through-seam (multiple layer) blasting is different from throw blasting as through-seam blasts 
are specifically designed to minimise lateral movement of all of the material in order to avoid 
any disruption of the coal seams, except possibly in a vertical sense. Explosive powder factors in 
through-seam blasts are thus generally low. Furthermore, through-seam blasting does not use 
blast initiation timing that may promote forward or sideways movement of the material, such as 
that used in throw blasting. Another major distinction is that in conventional through-seam 
blasting the delays between adjacent holes and the direction of blast initiation are designed to be 
the same for each layer blasted. Therefore, a huge gap still exists and research is required to 
design and implement such type of blast for getting clean coal. 

5. ENERGY USE AND GREENHOUSE GAS (GHG) EMISSIONS MANAGEMENT IN 
COAL MINING 

Energy efficiency, environmental care and carbon footprint disclosure are surfacing to the top of 
the agenda in the mining and minerals industry. Carbon emissions, effluent and waste, as well as 
water conservation are key concerns for mining companies against a backdrop of increased 
reporting requirements. Energy costs are typically between 20% and 40% of a mining facility’s 
operational expenses. Improving energy efficiency and reducing greenhouse gas (GHG) 
emissions are priorities for any industry including mining industry as a way to limit impacts to 
the environment and to help reduce operational costs at the mine-site. It is important to develop 
an Energy Use and GHG Emissions Management Protocol consisting of the following indicators 
that seek to confirm whether an industry has established a comprehensive system for energy use 
and GHG emissions:  

• Energy use and greenhouse gas emissions management systems  

• Energy use and greenhouse gas emissions reporting systems 

• Energy and greenhouse gas emissions performance targets 

For this protocol, an industry must show that its management system includes assigned 
accountability from senior management, as well as demonstrate that they have a process in place 
to ensure that energy data is reviewed regularly and well-integrated with operator actions. 
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Industries are also expected to provide energy awareness training and have systems in place to 
track and report energy use and GHG emissions data for both internal and external reporting.  

For the above, it is essential to develop Energy and Environmental (E&E) Profile of the Indian 
Coal Mining Industry to benchmark energy use for various mining technologies by estimating 
the average energy consumption of key equipment used in coal mining. There is very little data 
available on Indian coal mining industry for energy use by specific mining process, equipment 
type or fuel type utilized. Hence it is proposed to conduct a study with various models of typical 
equipment required for various types of mine operations (e.g. longwall mine, semi-mechanised 
bord & pillar mine, bord& pillar mine with continuous miner, surface mines with Dragline / 
Shovel / Trucks / Surface Continuous miner, etc.) and the energy consumption of each major 
equipment unit. 

While the E&E Profile provides detailed data for the estimated energy consumption of each 
piece of equipment required in a typical mine, it is also important to focus on the average energy 
consumption of similar equipment types to estimate the potential for energy savings for a given 
process grouping the similar equipment into categories based on their process use: blasting, 
dewatering, drilling, digging, ventilation, material handling, crushing, grinding, and separations. 
Thus the analysis will help in identifying the equipment categories which provide the greatest 
opportunities for energy savings in the Indian coal mining industry. 

Though Indian coal mining industry is less energy intensive, particularly in the underground 
sector, implementing various energy saving measures like Optimization of fuel consumption in 
dump trucks and excavators, Use of High capacity, efficient diesel engine for dump trucks and 
excavators, Improvement of maintenance of HEMMs, Introduction of energy efficient motors, 
Power factor and maximum demand control etc. will improve energy efficiency to some 
significant level. Energy benchmarking and Targeting will help in improving energy efficiency 
in mines. 

6. CO2 SEQUESTRATION AND CARBON CAPTURE AND STORAGE (CCS) 

The emission of enormous amounts of CO2 through combustion of coal, petroleum, natural gas 
etc. results into the environmental problem and global warming. In addition, emission from coal 
and shale beds increases greenhouse gas (GHG). The CO2 sequestration provides a significant 
option to mitigate CO2 emissions, contributing towards our pledge to Paris climate change 
agreement to reduce our emission intensity by over 30 % by 2030 compared with 2005 level. 
The first stage towards India’s goal of becoming a non- CO2 emission country can be achieved 
cost effectively on a large scale without greenhouse gas (GHG) emissions, if the resultant CO2 
can be securely geologically stored in coal and shale beds. For CO2 sequestration (geological 
storage) R&D efforts are required to develop a sound basis for monitoring and verification. This 
will deliver assurance of long-term storage security and establish standardized site certification 
guidelines for policy makers, regulators and industry. The project will identify gaps in the 
existing monitoring and risk assessment methodologies and will develop and test a number of 
new and innovative techniques, focusing, amongst others, on such technological risks as well as 
surface leakage, even at very low rates. The project will test and improve existing methods and 
develop new technologies for the CO2 sequestration 
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7. UNDERGROUND COAL GASIFICATION 

Underground coal gasification (UCG) involves injecting steam and air or oxygen (O2) into a coal 
seam from a surface well. The injected gases react with coal to form a combustible gas which is 
brought to the surface in a production well, cleaned and used as a fuel or chemical feedstock. A 
cavity is formed as the coal burns and the roof is allowed to collapse. Coal is the major source of 
energy all over the world including India. However, it is not technically feasible or economically 
viable to mine all coal resources and this is where UCG (underground coal gasification) finds its 
usefulness. UCG has been practiced, though off and on, since the last 50 years by almost all 
major coal producing countries but it could never become the major energy source. UCG refers 
to gassifying a coal seam in-situ and bringing the resulting synthetic gas (syngas) to the surface. 
The syngas is a mixture of hydrogen, CO, CH4, CO2 and higher hydrocarbon and has calorific 
value of 850-1100 kcal/m3. There are many advantages of the syngas as it has great downstream 
utilisation potential, such as for power generation through integrated gas combined cycle (IGCC) 
or in the fertilisers and chemical industries. In general, UCG can operate at up to about 80% 
efficiency that is, the amount of the syngas energy recovered at the surface is about 80% of the 
original heating value of the coal feedstock. 

Challenges 

 The danger of contamination of underground water,  

 Non-availability of suitable drilling technology, and  

 Failure to administer proper control over gasification process  

However, with the efforts put in by many countries over the years, the technology of UCG has 
matured for commercial application. There is growing interest internationally in the technology 
of UCG as a means to access low grade and inaccessible coal reserve and convert them 
commercially and competitively into the syngas with potential applications to power, fuel, and 
chemical production. The quality and quantity of syngas production depends on 

• Type of coal 

• Physiochemical properties of coal  

• Occurrence of depth 

• Thickness of the bed 

• Hydrogeological conditions 

• Deposit tectonics 

• Methane presence in the bed 

• Angle of inclination of coal bed 
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Opportunity  

In India the experience of UCG is minimal. However, many deeper coal seams and deeper lignite 
deposits not economical to mine by conventional mining techniques are good prospects for UCG. 
Large number of abandoned mines and some shallow coal deposits with difficult geo-mining 
conditions can use UCG gainfully. India faces the challenge of overcoming existing legal and 
regulatory framework quickly, identifying the right coal and lignite resources for production of 
synthetic gas on a sustained basis at a cost which is competitive. 

The government of India has also identified 8 coal blocks for the development of underground 
coal gasification. Such projects may also bolster India’s efforts to meet its clean energy 
commitments. India has pledged to reduce its emissions intensity of its gross domestic product 
by 33-35% by 2030 compared with 2005 levels. This technology didn’t progress well in India, 
but it can progress if there have been proper research to encounter certain challenges especially 
environmental challenges, such as groundwater contamination with this technology. 

Initiatives and Developments in India 

1 UCG was taken up in 1980 by ONGC and CIL, with technical assistance from then 
USSR. 

2 In 1984-86, ONGC drilled holes to study the prospects of UCG in deep lignite/sub-
bitiminous coal deposits in the state of Gujrat. The project did not proceed further due to 
lack of technological support. 

3 Under the initiative, then USSR selected three out of 13 coal/lignite blocks for generation 
of additional geological, geophysical, hydro-geological and geotechnical data. On the 
basis of data only one block (Merta Road Lignite Deposit) was found technically feasible 
for the UCG. 

4 A project was taken up by CMPDIL, with technical support from the USSR to enable 
pilot study at Merta Road Lignite Deposit. Although found suitable, but the project was 
stopped due to concern about ground water contamination. 

5 With new advancement in technologies, UCG is again in focus and number of companies 
such as NLC, RSPCL, ONGC, CIL/CMPDIL are pursuing its development on a limited 
scale to prove the viability of the technology in Indian geology. 

6 CMPDIL has generated data through exploratory drilling in Kasta block in the Raniganj 
coalfield under a joint venture project with ONGC. 

7 ONGC will also conduct pilot scale studies in near future. 

8 In December 2015, India approved its underground coal gasification policy and the 
Government of India has also identified 8 coal blocks for the development of underground 
coal gasification in an attempt to help boost India’s energy security.  
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Thrust Areas 

• To identify and mitigate the environmental concern associated with the UCG and 
geological and geo-technical characterisation of coal seam for the technology to be 
implemented. Interaction of the underground reactor with the surrounding strata needs to 
be better understood to facilitate selection of appropriate sites, and target seams, and to 
ensure the gasification process can be controlled to prevent the escape of pollutants. 
Hydrogeological information will be particularly important in this respect.  

• The guided drilling technology currently available is suitable for the envisaged deep 
UCG applications, but its accuracy, reliability, repeatability and cost has yet to be 
established in practice and needs further research and study. 

• Quantifying the gas flow rate and heating value in the operating plant with the 
optimisation of cost economics as UCG operations have major uncertainties.  

• Use of CFD techniques to review effects of cavity shape, geometry and strata dip on flow 
processes in the reactor 

• Laboratory studies to establish tests suitable for evaluating the likely gasification and 
pyrolysis performance of coals of different composition and rank. The possibility of testing 
confined coal samples under conditions of high pressure and temperature to simulate deep 
UCG processes could also be investigated 

• Laboratory investigation on the effect of thermal stress on typical seam roof rocks. should 
be experimentally investigated in the laboratory and seam characterisation method for 
assessing drillability, possibly involving measurements and laboratory testing on cored 
samples 

Application of UCG will be more useful for the deposit of low quality coal at deeper horizons. 

8. Application of modern technologies for effective environment management in coal 
mining 

Historically India has had access to ample amount of coal with low stripping ratio. Available 
coal deposits of today are becoming deeper and more complex and increasingly encroach upon 
populated areas and the local environment, resulting in need to focus on environmental issues. 
The impact of mining on the environment can be broadly classified into the followings: 

• Physical Impact 

• Biological Impact 

• Social Impact 

While the physical impact of mining includes degradation of land, air pollution, water pollution, 
Noise pollution etc. the biological impact includes destruction of fauna and flora, soil erosion 
etc.  
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Mining operations today are consistently failing to achieve required efficiencies of mine 
reclamation in terms of managing the overburden waste, afforestation, maintaining air and water 
quality, land use etc. Inadequate mine environment management during and post mining 
operations due to wrong or sub-optimal physical and biological reclamation process causes a 
huge environmental footprint and detrimental from clean coal technology perspective. 

Mine environment management is a continuous process that goes on progressively throughout 
the life of mine leading to final closure of mining leaving the site in a most environment friendly 
and economically viable land pattern for the community.  

Current mine environment management practices in India are based on long standing practices 
for creating an Environment Management Plan (EMP / Mine Closure Plan) at the start of a 
mining operation to gain statutory approval. While these original EMPs have then been used 
throughout the life of the mine to form the basis of environment management of the mine there is 
hardly updation of EMPs in a dynamic manner and application of modern technology to treat the 
new information made available during the course of mining for effective environment 
management.  

Adopting scientific approach, best mine environment management practices and deployment of 
internationally recognized information technologies has potential to drastically reform the 
mining leading to efficient, environment friendly and safe mining and post mining environment 
and economically viable land use pattern.  

Application of advance mine environment planning and monitoring technologies have potential 
to improve mine environment management and can contribute significantly towards CCT.  

Utilization of fly ash to fill the void left out of mining voids is another area of concern from 
CCT perspective.  

A large number of Mega and Ultra Mega Power Plants (+1000 MW Capacities) are operating 
near the pit heads. They generate huge amount of fly ash which are difficult to dispose-off.  

While the void created by mining could be utilized for backfilling of fly ash along with mine 
waste, this requires a proper scientific study from environment and safety perspective. 

Thrust Area: 

• Technology driven dynamic mine reclamation management solution, and  

• Inclusion of fly ash management as part of mine design and engineering exercise. 

9. INTEGRATED MINE PLANNING AND OPERATION TO ACHIEVE OPTIMUM 
PRODUCT QUALITY 

Mine Planning is a continuous process to integrate seamlessly with operation and beneficiation. 
Scheduling the production of optimum quality coal is extremely important for the maintaining 
the efficiency of down-steam activities such as beneficiation, gasification, liquefaction, 
combustion etc. Mining operations are becoming complex and volume of data is increasing. 
More options are required to be evaluated to maintain the supply of consistent quality coal from 
the mine.  
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Usage of modern and dynamic mine planning technologies could be an enabler to achieve such 
objectives. Advance mine planning and scheduling solution are built on advance mining logic 
that provides better control while adapting the unique characteristics of each mine. It can 
generate a number of alternate coal quality options suiting to the requirement, compare multiple 
scenarios, identify production and quality bottle necks and improve forecasting accuracy. They 
are also built on aggregation logic that can incorporate updated geological data in the mine plan 
and generate the revised quality schedule in no time without repeating the whole process. 

While ensuring the coal quality, such tools has also the ability to integrate beneficiation with 
mining for better control and overall efficacy of the system minimizing the wastage of coal.  

THRUST AREA 

Application of technology driven integrated mine planning and operation system to improve 
overall efficiency and minimizing the wastage. 

CONCLUDING REMARKS 

Clean coal technology ranges from mining to beneficiation, combustion, gasification, 
liquefaction, increasing efficiency, which clearly indicates that it is not a singular technology. 
The first step towards achieving the objectives of clean coal technologies is efficient and 
environment friendly mining of coal. However, coal mining has not received adequate attention 
in the area of pursuing clean coal technologies. Considering the massive future energy generation 
program in India through fossil fuels, intensive thrust on R& D activities in mining as a primary 
component of clean coal technologies is required to conform to the requirements of International 
protocol on GHG emission.  

THRUST AREAS IN MINING FOR CLEAN COAL TECHNOLOGY 

1. Methane Drainage Prior to Mining and Ventilation Air Methane 

2. Controlling mine fire, underground and surface 

3. Reduction in dilution of coal quality using selective mining methods such as 
application of Surface Miner for production of coal 

4. Improved drilling and blasting practices to prevent dilution of coal quality due to 
blasting 

5. Energy Use and Greenhouse Gas (GHG) Emissions Management in coal mining 

6. CO2 Sequestration and Carbon capture and storage (CCS) 

7. Underground Coal Gasification 

8. Application of modern technologies for effective environment management in coal 
mining 

9. Integrated Mine Planning and Operation to achieve optimum product quality 
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Note on Coal for Non-Power End Uses – Steel Industry Focus 

Dr. T. Venugopalan 
Tata Steel 

1. INTRODUCTION  

During the last ten years, Indian Steel Industry has grown rapidly to become the third largest steel 
producer in the world. With the steel growth continuing unabated, India will soon achieve the 
distinction of second largest steel producer in the world. Since the introduction of economic 
reforms in early 90's Indian Steel Industry has continuously upgraded the Technology and 
Machinery so much that many steel units in India can stake claim as modern and state of the art in 
product, processes and competitiveness There have been substantial improvements in the areas 
concerning product quality, productivity, consumption norms, energy consumption and 
environment. These developments are attributable to beneficiation of raw materials, utilization of 
large proportion of agglomerates in iron making and adoption of processes / technologies for the 
improvement in the productivity and efficiency. Investments are made to address the regulatory 
measures related to energy consumption, CO2 emission and environment.  

2. COAL TECHNOLOGIES  

A major concern for the Indian Steel Industry is the non-availability of good coking coal. The 
reserves of coking coal worldwide are limited and in India, It is available only in the State of 
Jharkhand and whatever available also qualifies to be only as Medium Coking Coal. Therefore it 
becomes essential to work on projects which will enable the utilization of non-coking coals in iron 
and steel production. Some of the potential areas for research are listed below:  

1.  Conversion of non-coking coals to coking coals: This will involve an in depth study leading 
to the development of binders, which will help in the production of good quality BF coke 
from inferior coals.  

2.  Development of Reactive Coke: It is a national program in Japan and JFE has carried out a 
substantial research in this area. By this, weaker or non-coking coals are converted into coke 
with good reactivity and the gas generated in the BF due to solute loss reaction is made 
available for indirect reduction in the stack.  

3.  Injection of hot Coal Gas in BF: This will reduce the Coke Rate and alleviate the problem of 
coal ash (Research in Russia)  

4.  Use of lower varieties of coal and reduction in energy for coke making (It is a national 
program in Japan under clean coal technologies).  

5.  Development of Smelting Process: Alternative iron making processes aim at the production 
of hot metal (liquid iron) utilizing non-coking coals, steel plant wastes and lean iron bearing 
materials. Russia developed a process called ‘Romelt’ and they could not commercialize the 
process for different reasons. Research laboratories and Engineering companies developed 
alternate processes to address some of the remaining issues of Romelt Process. Due to the 
continued research and investment in the development of ‘Smelting’, new processes such as 
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COREX and FINEX have got developed. There is still ample scope for the development of a 
suitable smelting process which is suitable for the Indian raw materials. Success in this area 
will reduce the dependence of the Industry on Coking Coals.  

6.  Research in Washing of Coals  

a.  Indian coals have high ash, but BF needs as low ash as possible in view of hot metal 
quality and process efficiency. When the washery aims at lower level of product ash, 
there is a considerable drop in the overall coal yield. There is ample opportunity to 
improve the coal yield by proper characterization of the raw material, adoption of the 
right flow sheet, development of suitable environment friendly frother and collector 
chemicals, optimization of the process parameters and measures to recover the 
liberated coal from the tailings.  

b.  Water is becoming increasingly scarce and development of dry beneficiation 
techniques which will reduce the dependence on water for washing is another area of 
research.  

7.  Use of alternate fuels  

a.  Bio Mass: It reduces the carbon intensity of the iron making process. With the right 
production and processing techniques, Bio Mass can certainly replace part of the 
carbon requirement and this will help in reducing the CO2 emission.  

b.  Plastics: Its use in the Iron and Steel industry is well proven. Collection of plastics 
seems to be the major issue.  

c.  Coal Gas: Production of coal gas / synthesis gas from the waste coals will help to 
reduce the coal / coke consumption.  

d.  Coal Bed Methane: Methane is evolved during the mining of coal. The gas is poisonous 
and also leads to mine accidents. Hence there is a need to extract the gas prior to the 
start of the mining activity. Extraction of the gas and thereby making the mine free 
from gas will give following benefits.  

• Opportunity to use the gas for power generation or for reduction in iron making 
furnace.  

• Improvement in mine safety  

• Reduction in GHG emission, since the age old practice of infinite dilution of CH4 
before letting out is avoided.  

8.  Research in the area of coal characterization: Coal for the production of good quality coke 
needs a thorough understanding on  

a.  Coal macerals  

b.  Reflectance  
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c.  Ash constituents  

d.  Reactives / coal softening behavior  

At present most of the suppliers and coal users give importance only for the ash percentage. 
Purposes of use of carbon in iron and production are given below.  

• Reducing agent in iron making  

• Permeability of the BF burden  

• Source of energy in power generation  

Quality of coal required depends on where it is used. Coal for coke making should have reactives 
which are aromatic. Injection coal in BF needs to have the optimum level of high volatile matter 
and good combustibility. Coal for power generation, should possess good combustibility, which is 
ensured by presence of reactives, which are aliphatic. A complete characterization of the various 
Indian coals with the end use in mind and suitable research to improve the coal performance in the 
intended application will be of great help to the Industry.  
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Beneficiation of Indian Coals: Challenges and Opportunities 

Dr. S.K. Biswal and Dr. B.K. Mishra 
CSIR-IMMT, Bhubaneswar-751013 

1.  INTRODUCTION 

Coal will continue to play a major role in economic development of India particularly 
contributing significantly to metallurgical and energy sectors. India is heavily dependent on coal 
for meeting its energy requirement, which is at present met to the extent of about 60%. The 
significant resources of coal available in India in comparison to other fossil fuels have enabled 
this valuable mineral to remain at the heart of country's energy scene. Commercial energy 
consumption in India has grown from a level of about 30 to 60% of total energy requirement in 
the last four decades. The production of India in last five years is given in Table 1. It has grown 
at a rate of 7.2% during the last two decades as against the world average of mere 2.2%. 

Table 1 : Production and Import of Coal of India 
 Million tonnes 

Year Coal Production  Coking coal 
import  

Non-coking coal 
import 

Total  
import  

2011-12 539.95 31.80 71.05 102.85 

2012-13 556.40 35.56 110.23 145.79 

2013-14 565.77 36.87 129.99 166.86 

2014-15 612.44 43.72 174.07 217.78 

2015-16 653.56 43.50 156.39 199.88 

2. WORLD SCENARIO 

The major coal producer countries in the world are China, USA, India, Australia, Russia, South 
Africa, Germany, Poland, Kazakhstan, Columbia, Turkey, Canada, Ukraine, and Greece. The top 
three coal-consuming countries are China, USA, and India, which together account for more than 
70% of world coal usage. The coal production of different countries is given in Table 2.  

3. COAL BENEFICIATION TECHNOLOGY USED BY DIFFERENT COUNTRIES 

Different beneficiation technologies are used in for coal cleaning and quality improvement by 
different countries. The beneficiation practice varies based on coal characteristics of the region. 
A brief overview of the beneficiation practices followed in different countries is presented in 
Table 3. The beneficiation methods are more or less similar but there are different processing 
challenges based on coal origin and quality. 
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Table 2 : Production of Coal in Different Countries 

 Million tonnes 

Country Coal Production Year  

China 3890 2013-14 

USA 922 2013-14 

Australia 532 2015-16 

India 613 2014-15 

Indonesia 458 2013-14 

Russia 358 2013-14 

South Africa 260  2013-14 

Germany 186 2013-14 

Poland 137 2013-14 

Kazakhstan 109 2013-14 

Colombia 89 2013-14 

Turkey 71 2013-14 

Canada 69 2013-14 

Ukraine 61 2013-14 

Greece 49 2013-14 

4. PROBLEMS IN INDIA COAL 

India has coal reserves of around 301 billion tonnes as on 1.1.2014. Out of this total reserve 
around 260 billion tonnes comes under non-coking coal and remaining part comes under coking 
coal. Most of the coal reserves in India are low quality due to the drift origin. The quality is not 
maintained but deteriorated due to mechanised bulk mining and exploration into poor quality 
seams. Most of the non-coking coals have high ash content varying from 40-50% with high near 
gravity materials. As a result, this coal has poor washability characteristics. The coking coal is 
beneficiated but the quality is not easily met. In the Indian context, number of reasons is there as 
to why the desired quality of the product is not achievable. Here is a short list. 

1. Most of these washeries are very old and built around 1960. Due to technical issues, these 
washeries do not meet the requisite quality norms specified by the industries.  
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2. The Indian coking coal characteristics are totally different. The importance of media with 
respect to physical and chemical characteristics in the process has not given due 
importance.  

3. At present, nineteen coking coal washeries are operating in India under Coal India, SAIL 
and Tata Steel. Till today, most of the washeries are designed in the conventional manner 
and restricted to treat a particular size.  

4. As all coking coal is being used for only coke making, some size reduction of coal may be 
done for further liberation. Suitable equipment for coarse as well as fine circuits have to be 
developed to maximize the coal recovery.  

5. The media from indigenous magnetite ore is required to be developed to meet the desired 
quality in the washery.  

Table 3 : Beneficiation Technologies Adopted for Coal Cleaning by Different Countries 

 
Country 

 
Production 
Million Ton 

Cleaning Method Dewatering Methods 
Coarse 

mm 
Fine I 
mm 

Fine II 
mm 

Coarse Fine 

China 3890 -100+50 
Jigs 

-50+0.5 
HMC 

-0.5  
Flotation 

High 
frequency 
vibrating 
screen and 
centrifuge 

Pressure and 
Vacuum 
filters 

USA 922 
 

-100+12 
HMV & 
Jig 

-12+1 
HMC 

-1 mm 
Spirals, 
Flotation  
(-0.15 mm)

Basket type 
centrifuge 

Vacuum 
filter, 
Drying 

Australia 532 
  

HMC, 
HMV, and 
Jig 

Spirals and Flotation 
in Jameson cells 

Basket type 
centrifuge 

Vacuum 
filter 

South 
Africa 

260 
  

HMC, 
HMV, and 
Jig 

Spirals and Flotation 
cells 

Centrifuge 
and screens 

Vacuum 
belt filter 

Canada 
 

69 
  

HMC, 
HMV, and 
Jig 

Spirals and Flotation 
cells 

Centrifuge 
and screens 

Vacuum 
belt filter 

Russia 358 
  

HMC, 
HMV, 
Cyclone 

Spirals and Flotation 
cells 

Centrifuge 
and screens 

Vacuum 
belt filter 

India 613 
  

+1 mm 
HMC, 
HMV, and 
Jig 

-1 mm 
Spirals and Flotation 
cells 

Centrifuge 
and screens 

Vacuum 
belt filter 
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Beneficiation of non-coking coal in India was not given due importance till last decade due to its 
low value or not able to meet the cost of the process. The beneficiation strategy for non-coking 
coal needs a special approach from that of coking coal because of very high ash content, 
complex mineralogy, and the prevalent practice of end use. In the present scenario, only few 
washeries have been set up in India to wash the non-coking coal which is able to produce a coal 
limited to ~30% ash from as high as 45-50% ash. Today the biggest concern of these washeries 
is low yield and the rejection of fine coal materials. The ultrafine coal particles in some of the 
cases is rejected which create environmental issue in plant surrounding.  

In the present scenario, non-coking coal can be used extensively in metallurgical purposes i.e., 
coal dust injection in blast furnace, DRI, Corex, Finex, Romlet and other reduction smelting 
processes apart from power plant. To meet these demands, there are some stringent 
specifications and one such important criterion is the low ash content in coal i.e. 10-12% ash. 
Therefore, the existing technology has limitation to produce coal having ~10% ash for any 
metallurgical purposes.  

Due to deterioration of coal quality and shortage of coking coal in the country, inferior grade of 
coking coal of high ash percentage and non-coking coal that are available in plenty can be used 
for iron & steel sector, cement industry, thermal power generation and other industries by 
pretreatment process through coal preparation and beneficiation. New technologies can be 
adopted to beneficiate such coal and these include the following. 

• Liquid fluidized heavy media bath with required quality media 

• Column flotation technology 

• Advanced dewatering process 

• Chemical and biological leaching 

These technologies can be implemented for removal of ash and sulphur content from Indian coal 
during beneficiation. 

Lot of beneficiation studies have been carried out by several academic and R&D organizations. 
The following organizations have done considerable amount of research on coal characterization, 
processing and utilization.  

• CSIR-IMMT, Bhubaneswar 

• CSIR-CIMFR, Dhanbad 

• CSIR-NML, Jamshedpur 

• CSIR-NEIST, Jorhat  

• R&D Division of Tata Steel  

• RDCIS, Ranchi 

• CMPDI, Ranchi  
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• ISM Dhanbad  

• IIT Kharagpur  

The research activities have been focused on utilization of the Indian high ash and high sulphur 
coal for power and steel sectors. Recently, a detailed beneficiation study was carried out for both 
coking and non-coking coals from different resource bases in India to achieve 10% ash coal by 
deep beneficiation, mainly for metallurgical purposes, by some of the above R&D Institutes. The 
project was funded by Ministry of Steel, Govt. of India. The beneficiation studies were carried 
out at different sizes and size ranges from laboratory scale to pilot scale level. 

5.  BENEFICIATION OF INDIAN COAL  

In all over the world, it has been observed that the coal is crushed to particular size, then it is 
classified into different size fractions.  

• For more than 5 mm up to about 100 mm size, the coal in some of the places treated by 
jigs. Here the extent of beneficiation depends on the liberation of coal particles. When the 
liberation size is high and near gravity material is less particularly in the density range of 
1.4 to 1.7, jig will give better metallurgical performance. Otherwise, heavy media vessel 
and heavy media cyclone are the appropriate technology.  

• Spirals are used to effectively treat intermediate size -1+0.5 mm fraction. 

• For the finer fraction i.e -0.15 mm, the spiral concentrator, flotation cell, Jameson cell and 
column flotation are used. Dewatering of coal is quite challenging for the finer fraction and 
for this purpose high frequency vibrating screen, centrifuge, vacuum and pressure filters 
are used.  

• In Indian contest more or less, same technology is used. However the beneficiated product 
does not meet the quality demand with respect to the metallurgical performance. Some of 
the technical issues and solutions are highlighted in both coking coal and non-coking coal 
beneficiation. 

(i) Coking coal 

As per Indian practice the coal is crushed to below 13 mm size. The -13+0.5 size fraction is 
treated in heavy media cyclone in two times to generate the concentrate, middling and reject. The 
below -0.5 mm size, is treated by flotation method. In heavy media cyclone, magnetite is used as 
media. The quality of magnetite media used in India is of poor quality except Tata Steel. It 
contains good amount of clay minerals, which increases the viscosity of the slurry and it affects 
the separation performance. The ultra-fine particles are high and Fe value is less than 65%. The 
size of the media and Fe content play the vital role for desired media preparation. The size of the 
particle should be below 45 micron and -45+30 micron size range should be around 85% and 
below 30 micron should be 15%. Fe content in the media should be within 70-71%.  

As the Indian coal has low liberation size and high near gravity materials, the top size and size 
range may be optimised to improve the separation efficiency. Lot of carbon value goes in the 
middling. It is needed to recover by crushing to the lower size fractions. In overall flotation 
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circuit in coal beneficiation plant, metallurgical performance is not the desired level. The 
following reasons may be attributed for the observed reduction in flotation efficiency: 

(i) Oxidation of coal surface, 

(ii) Liberation size, 

(iii) Insufficient of bubbles in the cell, 

(iv) Requisite flotation reagent dosages. 

During oxidation of coal surface, hydroxyl groups are formed on the surface. The coal surface 
becomes more hydrophilic. It does not allow the collector reagents to coat on the surface. In such 
cases, appropriate alcoholic reagents must be added to remove the hydroxyl group from the coal 
surface. This practice improves flotation efficiency. By crushing and grinding, the liberation size 
can be improved. In mechanical cell, due to erosion of stator and rotor, the requisite bubble size 
generation decreases. The additional facility may be added by introducing sparger in the cell to 
provide more bubbles for flotation. Based on the characteristics of coal, the flotation reagent 
dosages must be optimised in the plant. The chemical leaching of fine coal can be carried out to 
reduce the ash content of imported coal. However the cost economics must be ascertained to 
establish feasibility of the process and particular attention must be paid to ensure that there is no 
alteration in coal properties. 

(ii) Non-coking coal  

In Indian non-coking coal, the near gravity material is high. The beneficiation of non-coking coal 
should be done by heavy media process. It should be treated in heavy media bath to reject the 
gangue minerals which contains more than 80% ash. The product of heavy media bath can be 
directly used for power generation. This reject can be used for backfilling of the mines.  

The heavy media bath product can be retreated in heavy media cyclone to produce low ash coal 
for metallurgical purpose and the reject can be used in the power plant. Here the beneficiation of 
coal needs good amount of water. Hence to reduce the water consumption, after crushing the 
coal at particular size, it may be classified at 6 or 3 mm. The -6/3 mm size may not be treated. It 
may be directly used in the power plant. The +6/3 mm size may be treated in heavy media bath 
to reject high ash particles. As the product and reject are coarse particles, the dewatering is easy. 
The product and reject carry less moisture on the surface. By this way, the overall consumption 
of water can be drastically reduced. 

Wet processing of coal requires huge quantities of water. This gives an opportunity for dry 
beneficiation of coal. These techniques include sorting, electrostatic separation, magnetic and 
mechanical separation. These processes depend on the differences in physical properties 
between coal and gangue minerals such as density, size, shape, luster, magnetic susceptibility, 
electrical conductivity, radioactivity, etc. Air dense medium fluidised bed separation 
(ADMFBS) process, pneumatic jig, and FGX are used commercially for beneficiation of coal in 
dry process. Apart from these, lot of research is underway to treat fine particles of coal in 
electrostatic separator. Advantages of the dry beneficiation are given below: 

• Water requirement of the industry will be reduced 
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• Water pollution due to effluent slurry could be avoided 

• Taillings pond could be avoided  

• Additional requirement of equipment for dewatering of coal will not be required  

• Specific cost for transporting coal will be less. 

Till today, the separation efficiency in dry beneficiation is not up to the mark. It needs lot of 
research to develop the process at a commercial scale to treat Indian coal.  

It has been observed that some of the coal mines particularly in Mahanadi Coal field, the coal 
deposits are banded type. The alternative layer of coal and shell are there. The thickness of the 
layer is high. The selective mining can be done in this mine by surface miner. The coaly layer 
contains the ash percentage only in the range of 20-25% whereas the shelly layer contains the ash 
percentage around 70-80%. It does not require any physical beneficiation. The coaly layer can be 
beneficiated to produce less than 10% ash coal by heavy media cyclone, spiral concentrator, and 
flotation process. Both product and reject can be used for metallurgical purpose. This type of 
mine should be preserved by Govt. of India for metallurgical industries so that the import of coal 
can be reduced.  

6.  NON-COKING COAL TO COKE  

At present, India is producing 90 million tonnes of steel per annum. Around 70% of total 
production comes through blast furnace route. The blast furnaces need coke as the fuel as well as 
the reducing agent. India has less reserve of coking coal. The attempt should be made for 
conversion of low ash non-coking coal to coking coal. This will be a major initiative toward 
substitution of imported coal.  

Coking coals differ in properties from their non-coking counterpart particularly in terms of 
plasticity and fluidity. Furthermore, coking and non-coking coals differ with respect to the 
hydrogen content in their molecular structure. It is assumed that lack of hydrogen content leads 
to non-agglomerating behaviour of coal particles. Typically coking coals have high hydrogen 
content of more than 5.5%.  

Non coking coals can be utilized for coke making by the following processes: 

1. Hydrogenation of coal 

2. Blending with high grade prime coking coal  

3. Blending with carbonaceous materials 

4. Using inorganic/organic binder for agglomeration  

Hydrogenation of coal requires high temperature (300 to 700 °C) and pressure (3 to 20 MPa) for 
the reactions. By this method, non-coking coal is structurally changed to coking coal that can be 
then used for coke making. Non-coking coal can be blended with prime coking coal to produce 
coal blend which could be used for making good quality coke. Another way of utilizing non 
coking coal is by blending it with carbonaceous materials like pitch, waste plastics, molasses, 
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sawdust, coconut shell, etc. to improve the hydrogen content and plasticity property of coal. Yet 
another way of utilizing non-coking coal, is to use inorganic binders like clay materials to make 
agglomeration of the coal particles. Finally, non-coking coal can also be used to prepare ferro-
coke. Essentially, non-coking coal/Low volatile coal can be mixed and blended with iron ore 
fines in the coke oven to produce ferro-coke. It needs lot of R&D efforts to optimise the design 
and operating parameters.  

7.  CONCLUSIONS  

1. For power sector, high ash non-coking coal can be beneficiated by two or three product 
basis to maximize the recovery of carbon values. The low ash product can be transported 
over long distance to power plant from pit head and high ash product can be utilized in the 
captive power plant at the pit head. The reject (more than 75% ash) should be used to refill 
the mines.  

2. The coking coal should be beneficiated at lower size to maximize the carbon value in the 
concentrate and minimize the middling content in the process. The ultra fine coal should be 
treated by advanced flotation technique to increase the additional yield in the coking coal 
concentrate. 

3. The selective mining for non-coking coal should be done wherever possible by surface 
miner to reject shale material at the mine site.  

4. The combination of selective mining and beneficiation process for non-coking coal should 
be adopted to provide around 10% ash for metallurgical purpose.  

5. Conversion of non-coking coal to coke is the need of the hour. R&D initiative must be 
taken to achieve this target using low ash non-coking coal by improvement of molecular 
structure of coal or adding inorganic and organic binders or blending with prime coking 
coal. 

6. Ferro-coke may be another alternative to utilise non-coking coal and iron ore fines used as 
raw material in blast furnace.  

 

 


